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e FIRST QUARTERLY PROGRESS REPORT 
ON 

"CONCEPTS OF MULTIPLE-IMPACT STUDY OF ENERGY ABSORPTION" 

1. SUMMARY 
3 W O  y 

Flow and fatfguo characbrlstics of ductile metals under cyclic plastic straining 

am swnmqtlred In nlatlon to multlple-impact energy absorbing devicor. Pertinent 

materfd parametmn we identlfiod and cortain bohavior trondr based primarily an low- 

cyclo-rah tests npottad in the literature ore dlscuusd. From these obserwtlons 

idealized analytical m&Is are dowlopd for describing the behavior of cyclic-strain 

ertergy absorption drvlccrs utlllzlng metals. 

An oxport~ntal  program utflizing cyclic torsion torts, and almod at extondtng 

tho cyclic strain data to impact cycling condltions and vorifying the analytical models, 

Is discussed. A complete descrlptlon of the test apparatus i s  prrwnted. 

Ii D I NTRO DUCTiON 

An attractive new concept of energy absorbing devices utilizing cyclic strain 

energy abrorptton of materlals was dlsclosed recently by ARA, Inc. (Ref. AA). 

shown that devices of this type would be capable of specific energy absorptions (ft-lb/lb) 

It was 

greatly exceeding values attainable with other davicer currently under study and would 

also be capable of multiple-impact operation. 

demonstrated at ARA, Inc. by the dorign, conrtrwction, and testing of an impact device 

uiiiizing cyclic piartic deiormiion of a copper working eiemeni jiieti, 66). IW device 

The feasibility of such devices was 

V I  

produced a specific energy absorption in the working material approximately flva t imes 

that practlcaliy attalnable by unidirectlonal straining. 
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This concopt of multiplo-impact onorgy absorption has gnat signlficanco In 

d a t i o n  to space applications such as landing and docking impact dovicos whon 

woight i s  a pndomInont consldrratton. Tho prount rosearch program i s  botng con- 

ducted to study and ovaluote this concopt both thoomtically and experimentally, 

and to dovalop improvod mthods for analytical prediction of the charactoristtcr and 

b.havior of th.m dovicos. 

The charactoristics and porfomonco of cyclic strain onorg)rabsorbing devicor 

am directly related to the behavior of the working materials during cyclic straining. 

Consoqurntly, a principal phase of this investigation involvos the study of material 

bohovior under cyclic straining conditions appropriate to snorgyurbsorbing devicor. 

Tho icopr of work for this first qwrtor incldes a study of cyclic plastic 

stralnfq of met& h o d  prltnorlly on low-cycle-rate torts reported in the litwature; 

tho chwbpmnt d Idooiimd analytical models to describo the performance and 

behavior of cyclic strain snergyqbsorbinq devices utilizing metals; and the design 

ef cyclic torsional testing apparatus for studying metals under impact cycling condi- 

tions. Approximately 23.7% of total allotted program funds and manhours were 

expended during this three-month period. 

111 .  SUMMARY OF CYCLIC PLASTIC STRAINING OF METALS IN RELATION TO 
E NERGY-ABSORB1 NG DEVICES 

A. Basic Concepts 

lk performance and behavior of energy-absorbing devices utilfzing 

cyclic deformation of metals can be directly related to the behavior of the hysteresis 
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wil l  urrroliy be rpaclfled. Stme the work d m  an tho device per unit length of stroke 

Is equal to th. onergy &ohad per  cycle ti- tho number of cycles por unit length of 

shako, If f r ~ q t h  1s noglicrhd, tho resfsting form dwtng Impact 1s directly nldsd to 

the energy &adad pot a p h  of tho ona wKkr tho hystemris loop; i .e. # 

whore F i s  tk rorlrthg force, Vw i s  the volume of w&Ing mclhrfal, wp i s  

the energy absorbed per unlt volume per cycIe,' d d  - 
dx 

i s  the number of cycles p e r  

unlt stroke iength, and dx i s  an increment of stroke length. Thus, the force- 

deflection or drcrtaratlon-time curve for the device depends on the variation of w 

with dir)aw+ or time, or thr variation in the o m  under the hyshrmsfs loop wlth numbor 

P 

For the present dtscusston It Is assumed that tho workindl motortal i s  r t r a h d  uniformly. 
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N ' A c ~  = C, 

w h t y ~  N 1s the totat nombsr of cycles to fallwe and C it a conrtont for tho 

matedat. 

The fatfgur of motals from cyclic plostic straining har been studied by 

a number of investigators in recent years and conslderabls experfmental data hoo h e n  

generukd. In cmiunctlon with those and otbsr invssti~tions thm flow characteristics 

of msklr d w t ~  cyaltc plartlc skolnfng haw also been studled experlmntally although 

awflobfe data of this type appears to be somawhat more limited. in mcwt of these 



lnvmtlgotlon tho motah wan 8hatnod ot vary low mh8 and under hathormal oondltlmn. 

Conaqmntly, tho doh Ir not dinutly applicable )o condltionr of rapId v~llng, m 

OCQW dutng impacts w)wn mh and tomp.mtun &ech can bo rfgnIfiomt. On tho 

#hot had, conlbmblo athntlan hm boon gfwn to rob and tmporaturo offoots 

dwlw urIdInoHonol ~trwintng of mtolr. In tho follwlng wetlono satno of thr 

porthant n r u h  of th.n 8tudf08 a n  rurmariud, and gonomi behavfor trod a n  

indlookd. From them roaults cortain khavlor and porformonco chclractorIrtics of 

emrey-at#otbing dovfcos an indicatod and tdealtzed models for describing their 

bohovior an dovoloped, In addition, arms in which further basic tetrthg i s  noceuary 

to vrrtfy and Improw h r o  modrlr am dIrcusmd. 

B, Plow Chomchrirtlcr of h t a h  undor Cyclic Straining 

Tho flaw c h a ~ h r l ~ t l c r  or stress-strain behavior of ductflo tmtals un&r 

cyclic plustic 8holnlng have boon studied by a number of Inwstigators. Although m a t  

of tta, +est data haw k n  gonorotad under very low cycllng rater where rate and tom- 

poratwe efficts are not signtftoant, soma general behavior trends hew been observed 

which am pertinent to e~rgy-absorbing devices. Some of these are briefly reviewed. 

One of the m t  significant of these observations i s  the pronounced 

Bauschinger effect which i s  operable in most ductile metals under completely revarsed 

cyclic plastic straining. In the absence of this effect the flow characteristics or strain- 

hardaning behavior of metals under cyclic straining conditions might be estimated from 

tho claukal thuory of plasticity. According to this theory the state of strain-hardening 

of a ductile metal depends on tho total plastic strain imposed or plastic work done on 

-5- 



frm o krrtllo tad. HOMwt, in the OBH of eompktoly m v w d  cyultc straining of 

ktwvtor. kt)m than hardening with plastic strain occord i~  to tlw tonstlo CWH, the 

data from Q numbt of tnvmtigatorr tndicatoa that strain hardening (or roftmntng) dowlopr 

in th flat frmr ~ydor,  aftor which furttur cytllng cawms hordonlng or softening at o 

rathor slaw rub. Momover, tha maximum rtrou to which tho motorial hordms, 01 tho 

"satwtfdn" shs8 &per& on the plastic stmin range, A Ep In general, tho higher 

the miw of A Gp, tcH mom ropfd i s  the rtrain-hardening and the higher the "satura- 

tion" strew. 

Typical stmss-stroln behavior of a ductile metal during s h i n  cyclinQ 

might ha 01 indtcated qualttutlvrly In Fig. 2. The roto and extent of stmin-)wtdenlng 

de& or) tha toto1 sNln raw, as shown in the flgun. Tho strw range at "saturation" 

lnctaerrrs wlth strain r a w ,  as mentioned above. Quantitative  example^ of th is  sffoct 

are gtwn in Figs. 3 to 7 .  Fig. 3, b a d  on the data of Ref. 8, show, the increase in 

stress wtth number of cycles for cyclfc straining of 24 ST alumlnwn alloy at various 

plastfc strain ranges.* Because of the large strain ranges "mturotfon" occurred very 

quickly. From the results of Fig. 3 a curve of "saturation" stress a. strain range has 

bean constructed and i s  shown in Fig. 4. Also shown in this figure i s  the initial t r w  

rtreu-stratn curve for the mahrlal . Curws of this type are useful in the d d g n  and 

a d p h  ef enurgyabrorbfng devlcsr sinccl hey indlcate the residing stress and the 

In mort of them tech the elastic range was small  compand wlth tho total strain ranw 
sothat AGp AGy. 



rtmtn rmga and tha tnitial r)n#l.lrtrain cwws for typical ductile nwtalr. Such a relation 

which I8 much mon readily a ~ l n o b l e  than &?a oct cyclic tt~wining khavtor. , 

Althoqh typlcal &ta lndicoh thot ductllo mtolr straln-harden durlng 

inittal bvelopmr#rt of th. hyrknrir loop, lonn data show on initlal stmin-sofhning 

us well. In ~ ~ w o I ,  anmled  metals appear to strain-harden whilo hardened or cold- 

WOW matats apptor to rhln-sofbn. Figs. 5 and 6 show these effects fw had and soft 

copper Wld r t o d ,  baed on h &tu of Ref. C. Here0 stna amplttuda (A~r,,/2) i s  

pi- agclimt toto1 plotio strain (2 N A Gp) for different M I W S  of total strain rango. 

It o m ,  fmm them tit&, that stratn-wftanfng of the coid-workod motah hkos plaaa 

more s l d y  than r)rotn-hord.ning of tho annealed metals. Further examples of strain- 

hordenlng 4 sttdncrofhnlng a n  shewn In FIg. 7, based on the data of Rof. D. 

It tr apparunt from Fig. 2 that the rhcrpe of the hysteresis loop, as 

described by the parameter 3 , or the ratio of average to maxlmum stress ranges, 

i s  an important facior in the evaluation of energy-absorblng devices. Since, from tha 

? I  
defining nlot?on fw 

w i s  dhct ly  proportional to for fixed values of A rmX and A €p. 
P 
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IV, aPF?!C?'S OF ROW CHARACTERISTICS ON PERFORMANCE 

Thm, wtlattonr In wp and In tho hlaratton-ttmo behavtor of thoso devtcar oould 

nsuItfronvwtattorw1n f 8  o w n i t  A r -  and Ac, roma~nodfixeci. T~PIWI 

data on flaw choracktlstics of duotllo mtalr under ayclic rtmintng Indica). that stratn- 

Intnotng s W n  m. La., lncmcuar with I n c m i n g  rtratn rongo. Monowr, 

tho data furthrr Indlaclk k t  tho s h o p  as woll os tho rim of tho loop dovolopr durino 

tho fint h w  eyclrr d c h a n ~ ~ s  wry slowly wfth Incroarcrd oycllng. Howover, m a t  

of the avdloble data were genwoted undor low rate and marly trothormat cond1ttons. 

eff'octs of high cycling r o b  and tamporohm rise on 9 , and their comqwnt effects 

On th0 ~4'fOrmOnCr: Of t b  dOVfGc#. 

From tha fnaoing discussion i t  i s  apparent that various changer in the 

flow chcrrecterbtlcs of the workfng mt~l  durfng strain cycling con affect the prformanco 

and behwior of an onerpydrorbing device Thusl, under different design conditions, 

three different force-deflection or deceleration-the curves for a device might result, 

as indicated ?n Fig. 8. Cur- A, which might represent the opttrnwn for such a device, 

could result for the case where the hysteresis loop were establishod and did not change 

with cycling during ttm impact; or, it could result for a case where the hyttomsis loop 

changed but in such a way that the area under tha loop remained constant. Curves B 

and C could result for COMS in which the area under the hysteresis loop increased or 

decreosod, respocttvely, during impact. 

-8- 



0% + 

and to mwttte Eq. (3) in the f m ,  
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By E-. (4) and (5) It I8 mn h t  thlt correqondr to A Gp = A € E *  Thw, for 

AGp 
w 

P '  

lmufh In an fncnaw In w and a curvo of type B. Sfmllatly, doc- In A 6- 

A.3) a IIXM In Ad , ,  durlng an Impact results In o &cream in 

which glw dm )io o loddrrftactlon curve of type C In Flg. 8; convoruly, a 

P 

for 

typo B and a docmaso In 

AGp > A € E ,  ontncrseroln Aa,, during Impact msults in a CWM of 

nsults in a cur- of type C. A r m  

The "cross-over" value of strain rang. given by Eq. (8) i s  of intenst 

s k u ,  within the lfmitotionr of the foregoing assumptions, it corresponds to o hystoresir 

loop relatlvely insensitive to changes in A rnwx , and a laad-deflsction curve of 

type A in Fig. 8. A typlcal wlw eon be estimoted for 24 ST aluminum alloy, using 

th. CWMS of Flg. 4 end a vatw for E of 10.6 x 10 pi. Taklng a d u e  of twice 

the l*WtUmtiOnn streu for A dmx equal to tw,OOO psi, the "cross-over" wiw 

6 
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far ACT I8 obout two pormnt and lr about one pormnt. Wtth o MIW 

for C tn fq. (2) of O A O  fmn Ref. A, tho numbor d oyclor to fatlun for this cum 

ir 23,000. Tha, for o typiaol landlng Impact dovko using 24 ST aluminum alloy, 

which produeaa pwiqqs 20 cyclos pot impwt, tho "crow-ovor" condition would 

effects om Or tho mma &r of megnltudo for cyciic plastic r)raintng 01 b y  ~ t l )  for 

In by tho following oxcmplo. 

# n, f r d @ f h d  by 

0 

where b i s  the flow stress corresponding to a particular wlw of € and Ep 

denotes tho derlvatfve of €p with respect to time. This equation Is normally used 

to retat. chmgog in flew stress with changer in unifotm rtraln r&e during unidirectional 

P 

rtrainfng. Thus, in the range whore Eq. (9) Is applicable, 

e 
for a givon plattfc strain, or, 

- 1  1- 



f p =  *2! 2 & w t I 

and 

where w Is the cycling frequency and 1s doted to t/ by 

Sinusoidal straining in actual tests gives rise to hysteresis loops of tho type previously 

dlrcwed, as Iflustrated in flg. 10. Thus, if  rate sensitivity effects during cyclic 

* &  , #or oxample, Ref. E, pp. 171-195. 
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Corulder thr, effoot d mk ondtIvlty on an Impact dovice in which tho onwt valoclty 

v, 0om)y)OIwjl roe, eyollng fnquoncy Loo, I . . . ,  

assuming, ar before, that 7 and A QT ure constant. Here the subscript o 

denetas a quantity cwrerpondlng to the onset velocity. Thus, as the ~ loc t ty  docreams 

dwfng impact rato Mnritfvity effects give rise to a loud-dcflection cur- of type C in 

Fig. 8. If i t  i s  w r m d  that tho effects are small so that the force and deederation are 

effectively conshnt, 

-13- 



when L 18 the ?o!d stroke Iangth and -a 1s tb doco~erat~on. From Eep. (18) 

and (a)? tho lood.lbflactiorr nlotlon can bo written 

Assuming, far exempb, IY rate rsrutttvfty of 0.02, the value of at dL = 0.5 
f * 

I for typtwl room temp.mtum rat. wnsftivity values In tho 

i s  oCgrlct would be mgligtblr and the l o a d ~ f l r c t i o n  curve 

would k ~$senttatly nut. Even for casus where the met01 increased in temperature so 

that tf#r m k  sendtivity increbd, tho effect on the load-deflection behavior should bo 

smli, ptovickrd, af course, that rata sffrctr for cyclic straining a n  of ttw same order of 

magnl th  us for untdimctional straining. 

For cases where the metal temperature increaser appreciably a more 

significant effect on load-deflection behavior than rate sensitivity will probably be 

the dacroase in flow stross d w  to the temperature rim. 

change In flow stress dwlng unidirectional straining can be describd by a nlat ion which 

has the farm 

For some ductile metals, the 

-14- 



&a, and tho par(r#mhr K oon b, ortfmoted, for oxamplo, from hno1Ie rtrongfh 

doh. Merro~nr, #tto oxhnoion of wch a dation to cams of wrlablo tanywmtwe 

and M n  ro ) r~  MItOIfos requtm tho potulato of a "machontcol-oqwtiorrohtuto" 

co17o.pt whfch 1- tempemtww and rah history afhcto. Although thoro oxists 

e v l h c a  thet such a conc.pt Is ganorolly lnwltd, tho errors resulting for many load 

htstortes am rdffciently small that the concept can be used as a first epproxlmatlon. 

fwthmnan, th vulldfv of axhundfng thh concapt to d w r l b o  

bohouiqr during y d i c  plastic thalnlng has not k e n  variflod. 

saturation flow stram 

Howovar, If i t  i s  

a s s d  ht h a  nrexfmwn stma rangr during s h i n  cycllng is affected by kmpra-  

tura crccardlyi tu Eq. (22), ha resulting effect on load-doflectlon bhovlor can be 

erttmbd 

Attumfng, as before, that the elastic strain range It nrrgllgibls and 

that d tJ  /dx ,  )r , and A €1 a n  constant, Eqs. ( I ) ,  (6) and (22) yield 

where the reference state corrorpands to the inlttal temperature of the metal. The 

* %  8 ,  for example, Ref, E,  Chap. 7. 
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tompowtun tiu is .qwJ t~ ttW plastic w d  dono on tho mtd, provided friction lr 

mgl.cted, 8 0  that 

wh.n  

tfon qui inhl)ratfon of Oqr. (23) and (24) yiold tho result, 

i s  t)w Il#w and c rs the haat capocity of the working metal* combine- 

whem Et tr ##IO exponential Integul, defined by* 

and which can also be exprassed in series form by 

t' - -  + - * -  ) 
L t - r + t - -  t2 + -  t 3  

2 . 2 !  3 . 3 !  4 - 4 . /  
€ L h + -  

where T = 0.5772. Eq. (25) can be solved for different values of T to yield 

a curve of x VI. T. 

Iwdldeffection curve. 

Substitution of these M I W S  in Eq. (23) then yields the required 

, for example, Ref. F, p. 96. 
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An oxomple ts &awn for on impact dovico utllirlng 347 SS WOrGing 

mtd, which 1s ddgmd to plod- a spectflc anorgy abrarpt1on in tha working metal 

of 84,OOO ft=lb/lb dwtng o singlo impact. huming dtabotic conditions, 6 1 s  pro- 

duces a pooo F tompomtum tiso during tho impact and a domasing 1oad-d.flactfon 

curve. Assuming an infttal hmp.ra)vn of 700 F, tho volm of K for 347 SS In 

this w, b a d  on h n d o  shngth data, 1s 3470 F. Wtth theso wlwr, E*. (23) 

and (25) yield th. lood-dofloction cwvo shown in Ffo. 11 

V, TESTPROGRAM 

A. Oblecttw 

A tot) progwm Is currently underwoy to study cyclic sfmining of 

metals udw cornlition, appoprtahr to impact dovices and i ts  appllcation to actual 

&viea. 

P k e  I of h i s  p r o g u m  consists of a boric expettmontal study of flow 

and futigw characteristics under mpM cycling cotes where rota sensitlvfty ond tern- 

pemtum e f k t r  can be rignifkunt. A principal objective of this phase i s  to evaluate 

and compare flow and fotfguo choractorirticr of several promising ductile metals with 

similar data obtained under low cycling rates, and to compare cyclic flow character- 

istics with those obtained under unidirectional straining. In addition, an attempt wil l  

be mads to evalwte a d  compare rate sensitivity and temperature effects with similar 

untdirecttonal data. 

Phase I I  of this program wi l l  include the design, construction, and 

testing of an impact device utilizing a metal torus element. 

a means of testing the analytical models developed for predicttng the behavior of 

such devices, utilizing data of the typo generated in Phase I. 

This phase wil l provide 



For tho phow I studios, it was #ocldd to utiliu cycltc tonion tests 

with tubular spocimons. In this mannor it 1s porrtblo to study flow chomctortstiw 

UMkr approximahly unifonn statas of dofomd’on and stma. The mcbtals salochd 

o n  347 stutnloa sh.1, 24 S f  aluminum alloy, and molybdenum. Tho 347 SS and 

24 ST o!un1num WCHI wl8ctod on tho basis of thoh spec~ftc enorgy absorption cop- 

btlitiea and awilobtlfty of low cyclo roto test data, and tho molybdenum wos u lechd  

k c O W  d Its uniqw hmporaturo capabilities and thoir consoquont offect on spocific 

energy abswptton. 

Tho pertinent panrmehsrs to bo wried during the test am total strain 

range, cycitng rate, tomporntwo, and duration of run. Tho latter paromstor, a d o -  

gour to numbor of cyclos per impact, controls ttm tomporatun r i u  of the spacimon 

during a run. The radsttlng torque, from whtch flow rtrou can bo computed, will 

be monttoml continuously throughout a run. It i s  also plannod to masure fatlgus 

life for the vurioa cycting conditions. A complete descriptton of the test apparatw 

Is presented In the following section. 

8. Cyclic Torsion Test Apparatus 

This apparatus i s  designed to apply cyclic strain to a series of torsion 

The mcrasurements specimens. The aDpamtus i s  schematically outlined in Fig. 12. 

to be recorded were described in the previous section under Phase I; briefly, they 

am: strain range, cyclic rate, total cycles, strain torque, and temperature history. 

Certain parameters are built into the device and are not directly 

Tho total strain range i s  set by the adiustment of a cam mechanism (8) measured. 

-18- 



whteh drives a goor. This drhrmines tha angular orcillating motion of torsional shin 

oppkd to tho m o v k  end of tho specimen (10). Tho cyclic rah i s  varied ovar and 

& tho metor driv, rob by moons of a pulloy combinotion (6) betweon thm clutch 

shaft d the tam haft. The drive rate of tho motor (3) Is approximately 50 cps and 

i s  adfudabjlc, )o 25 cps or 100 cps. A largo fly whoel (4) attuchod to tho motor shaft 

w i l l  asmntlolly conrtont rate for short rum of 5 to 20 cycles, Tho actual 

numbor d uyelu kmn Initial stcu) to shutdown wi l l  be prodetormid by a preset 

subtrwction courtier (7) and t h i s  counter wi l l  also meosure the total complete cycles 

for each run. A clutch control unit (2) connects ths drive cam to the motor ~ n d  the 

engagement can bo w o h c i  to control the accelerotfon fotws. 

An osolitagmph ncorder (14) and amplifier control unit (13) w i l l  bo 

used ten@ &a tcllrgur &ah fora), cyclic variations, tempmture rim, and toto! 

cycles per tun. Tho amtllopqh ncord wil l  have a procision time pulse record as 

port of each run. fhtt record wilt provide time bow for reduction of the recorded 

data. lhe  strain history of each cycle wi l l  be gemrated by a rtraln gage load cell (12) 

which wi l l  convert the torque into electrical signals to bo recorded by the oscillograph. 

In this record wl l l  be the toque history of each cycle, the total cycles, and the cyclic 

rate for each run. fhe counter wi l l  be used to total the actual number of cycles 

required at failure. 

the usciilograph for each run. 

been determined at the writing of this report. 

If possible, a thermal record will be obtained on a channel of 

The exact technique for temperature recording has not 

- 19- 



Tho spoctmon i s  dorignod to permit a stmln rang.  from u r o  through 

tho elmtic to include oppro#lmohly 10 percant plastic (Fig. 13). AdIwtments of 

th. torquo arm and tho cam drive will allow adoqwtu elochicol outputs for a l l  of tho 

h s t s  pnaantly progmmmed. Twonty specimens of oach of throe matorials am scheduled 

for twting o w r  a wtlation of mtor and strain ranges. Tho number of cycles per run 

wi l l  bo dotorminod by the temperatwo rim during each run. As an example, the 

skinlorn @tool rp.cimn at 100 cpr and 5% strain can bo expectod to hoot itself 

approximatsly loo00 f in lest than 10 s h i n  cycles. The number of cycles per run 

wi l l  be limited to the range of 5 up to 100 except for special tests whose heating 

effects cue to bo h r d .  A fow runs with the specitmen proheated to a scheduled 

tempr#a;tvn a n  )xq##d, bponding upon the test time available. 

VI, FUILRRWORK 

The purpose of thir sectlon i s  to describe brlefly the anticipated work that wi l l  

be required dwing tha next qwrterly period. Emphasis wi l l  be placed on obhofntng 

odequote experfmental data, analysis thereof as well as carrelation of the analytical 

models required for their verification. Finally, tho basic data should then be wed 

for prediction of performance for actual impact devices. Detailed outlined of thts 

future work is provided as follows: 

A. The complete apparatus described in  Section V, Test Program, w i l l  be 

cal ibrahd to insure proper interpretation of resul ts. 

B. Preliminary trial runs of the apparatus w i l l  be performed during this 

period for pouibie debugging of the mechanical systems involved. 

-20- 



C. Cornplat). cyclic tonion tests wtll be made on t k  following three metals: 

1. 24 ST aluminum 

2. Type 347 stuinless steel 

3. Molybdenum 

Cornlottam of the rapid cyclic strain behavior wfth flaw rate behavior 0, 

which hag been described In tho litemtun will  bo mode. If discreponcles exist, 

possible oxplanationr will be ewlwted. 

E. A i  Q result of the test dercribod in "C", on attempt wl l l  be made to 

evaluate rote wmitlvity and tempsmture effects. 

F. Prodous armlytlcal models described in both the literature and the 

work canductad undsr th is  study contract will  be verified. 

c). An othmpt wfll be mad. to apply the basic dota obtained in the a 
deswlbqd hrt -ram, Section V, to pratdtct the performance and behavior of actwl 

lryiact *viseo. 

Although all of the previous items may not be obtained dwhg the next quarter, 

cbvsry attempt wi l l  be muds to obtain adequate data. Should problems arfse, these 

wi l l  be tepotbd In the Monthly Status Reports. 
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FIGURE 2 EFFECT OF TOTAL S T R A I N  R A N G E  
Oh) HYSTERESIS  L O O P  

I S T  CYCLE I 
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FIGURE 3 .  C H A N C E  I Y  A P P L \ E O  STRE5S FOR CYCLIC 
STRAINtrJC O F  2 4 5 T  A L U M I N U M  ALLOY S O D  
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Ft6URE 6.  H A R D E N I N G  AND SOFTENING O F  SOFT P,mD H A A D  S T E E L  
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F l G U R f i  9 EFFECT OF I N C R E A S E  IN F L O W  STRESS 
ON H Y S T E R E S I S  L O O P  

-30- 



t 

-31- 



I 1 I I I - 

0.6-  

0.9- . 

0.2-* 

0 I 1 I t 

0 0. a 0 . 4  0. 6 0.8 / * O  0 0. a 0 . 4  0. 6 0.8 

FRACTDM O F  STROKE 

** 

-32- 



I 

I 

2 

?i 0 
I- 

3 - 

I 

! 



FIG' 13. TEsr SPECIMEN.. 
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